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Clinical PerspectiveWhat Is New?This study is the first to evaluate the impact of His‐Purkinje conduction system pacing (HPSP) combined with atrioventricular node (AVN) ablation in persistent atrial fibrillation patients with heart failure and implantable cardioverter‐defibrillator implantation.HPSP combined with AVN ablation can significantly improve left ventricular function and reduce adverse events (heart failure hospitalization, inappropriate shocks, or death) compared with implantable cardioverter‐defibrillator implantation and drug therapy in patients with persistent atrial fibrillation and heart failure.HPSP combined with AVN ablation was feasible and safe, with a 94.5% success rate in this study.What Are the Clinical Implications?HPSP combined with AVN ablation can be considered in patients with persistent atrial fibrillation and heart failure who do not respond to optimal drug therapy.HPSP combined with AVN ablation may be an important therapeutic option for persistent atrial fibrillation and heart failure patients with recurrent inappropriate shocks caused by AF despite optimal drug therapy.

Introduction {#jah34651-sec-0008}
============

Implantable cardioverter‐defibrillator (ICD) effectively treats malignant arrhythmias, including persistent ventricular tachycardia (VT), torsades de pointes, and ventricular fibrillation.[1](#jah34651-bib-0001){ref-type="ref"} Randomized controlled trials have shown the effectiveness of ICD in primary and secondary prevention of sudden cardiac death.[2](#jah34651-bib-0002){ref-type="ref"}, [3](#jah34651-bib-0003){ref-type="ref"}, [4](#jah34651-bib-0004){ref-type="ref"} However, inappropriate shock (IS) caused by atrial fibrillation (AF), supraventricular tachycardia, noise, or T‐wave oversensing in ICD recipients has a significant impact on their physical and mental well‐being.[3](#jah34651-bib-0003){ref-type="ref"}, [5](#jah34651-bib-0005){ref-type="ref"}, [6](#jah34651-bib-0006){ref-type="ref"}

AF is a common arrhythmia in patients with ICD and heart failure (HF). An epidemiological survey in 2010 showed that the number of patients with AF in the world is estimated to be 33.5 million and is increasing at the rate of 5 million per year.[7](#jah34651-bib-0007){ref-type="ref"} AF is often associated with HF.[8](#jah34651-bib-0008){ref-type="ref"} Current therapeutic options for AF include upstream treatment, anticoagulation therapy, and rate and rhythm control. At present, the main methods of rate and rhythm control in patients with AF include drug therapy, AF ablation, and atrioventricular node ablation (AVN) combined with pacing. Antiarrhythmic drugs are ineffective sometimes and can lead to significant side effects. Catheter ablation is still associated with high recurrence rates of AF. AVN ablation and pacing have been performed for \>40 years in patients with AF who are intolerant of or unresponsive to intensive rate and rhythm control therapy. Studies have shown that AVN ablation and permanent pacing can improve cardiac function, quality of life, and clinical symptoms in patients compared with drug therapy alone.[9](#jah34651-bib-0009){ref-type="ref"}, [10](#jah34651-bib-0010){ref-type="ref"} However, right ventricular apical pacing after AVN ablation may lead to pacing‐induced cardiomyopathy and/or worsening of HF in some patients.[11](#jah34651-bib-0011){ref-type="ref"} Compared with right ventricular pacing (RVP), biventricular pacing (BVP) can better maintain cardiac function.[12](#jah34651-bib-0012){ref-type="ref"}, [13](#jah34651-bib-0013){ref-type="ref"}, [14](#jah34651-bib-0014){ref-type="ref"} However, in patients whose QRS duration is \<130 ms, BVP may cause dysynchrony of cardiac contraction after AVN ablation.[15](#jah34651-bib-0015){ref-type="ref"} Recent studies have found that His‐Purkinje system pacing (HPSP), including His bundle pacing (HBP) and left bundle‐branch pacing, can provide physiologic ventricular activation, avoiding ventricular dysynchrony and improving cardiac function[16](#jah34651-bib-0016){ref-type="ref"}, [17](#jah34651-bib-0017){ref-type="ref"} along with greater control of rate and rhythm of AF.[18](#jah34651-bib-0018){ref-type="ref"}, [19](#jah34651-bib-0019){ref-type="ref"}, [20](#jah34651-bib-0020){ref-type="ref"}, [21](#jah34651-bib-0021){ref-type="ref"} It is effective in patients with narrow QRS and maintains normal His‐Purkinje activation.

In this study, we analyzed the follow‐up data of patients with persistent AF and HF who received ICD implantation in our center to evaluate the outcome, feasibility, and safety of AVN ablation combined with HPSP.

Methods {#jah34651-sec-0009}
=======

This study was a single‐center, retrospective, case--control study of persistent AF patients with HF who had indications for ICD implantation and AVN ablation. The study protocol was approved by the institutional review board of the first affiliated hospital of Wenzhou Medical University. All patients completed written informed consent. The data that support the findings of this study are available from the corresponding author on reasonable request.

Study Population {#jah34651-sec-0010}
----------------

Eighty‐six consecutive patients who met the inclusion criteria between January 2010 and March 2018 were recruited into the study. The study was carried out in the first affiliated hospital of Wenzhou Medical University. The following inclusion criteria were used: (1) patients met ICD implantation indications as per the 2008 American College of Cardiology/American Heart Association/Heart Rhythm Society guidelines[1](#jah34651-bib-0001){ref-type="ref"}; (2) patients had a narrow QRS duration (≤130 ms, except right bundle‐branch block); (3) patients had symptomatic HF and long‐lasting persistent or permanent AF even though their heart rate was controlled (ventricular rate ≤100 beats/min \[bpm\] over the 24‐hour recording period) with pharmacologic treatment; (4) patients were at least 18 years old and not pregnant. Patients were excluded if they had (1) severe mitral or aortic valve regurgitation, (2) congenital heart disease requiring cardiac surgery, or (3) severe chronic obstructive pulmonary disease. AVN ablation combined with HPSP was carried out if the patient consented to this strategy.

Procedural Details {#jah34651-sec-0011}
------------------

### His bundle pacing {#jah34651-sec-0012}

Previous studies have described the HBP procedure in detail.[19](#jah34651-bib-0019){ref-type="ref"}, [21](#jah34651-bib-0021){ref-type="ref"} Briefly, the delivery sheath (model C304 or C315; Medtronic) was inserted via the left axillary vein into the His bundle region in the atrioventricular septum. The Medtronic 3830 lead (SelectSecure; Medtronic) was then advanced through the sheath for unipolar mapping and pacing. When the pacing lead could not achieve HBP, a multielectrode mapping catheter was used to identify the His bundle potential, and then the SelectSecure lead was used for HBP. The SelectSecure pacing lead was fixed when pacing parameters were acceptable.

### Left bundle‐branch pacing {#jah34651-sec-0013}

The procedural steps for delivering left bundle‐branch pacing (LBBP) were recently reported in several studies.[22](#jah34651-bib-0022){ref-type="ref"}, [23](#jah34651-bib-0023){ref-type="ref"}, [24](#jah34651-bib-0024){ref-type="ref"} We attempted LBBP in patients with predefined inadequate HBP parameters, which remained consistent throughout the study. HBP was not accepted if the His capture threshold was \>2 V at 0.5 ms or if there was a rise in His capture threshold of \>1 V following AVN ablation. The Medtronic 3830 lead (SelectSecure) was used for mapping supported by a C315 His delivery catheter (Medtronic), and the lead connected to an electrophysiology recording system (GE CardioLab EP Recording System 2000) during mapping. The fluoroscopic location of the HBP lead was set as a marker for the implantation of the LBBP lead. The LBB lead was positioned ≈1 cm distal to the HBP site in the direction of the right ventricular apex. During intrinsic rhythm or LBB block correction by selective HBP, the LBB potential can be recorded. The paced QRS morphology usually showed a "w" shape with a notch at the nadir of the QRS in lead V1 at the initial site in the right ventricular septum before fixation. LBBP was achieved by screwing the lead deeply into the interventricular septum; the paced QRS showed a right bundle‐branch block morphology. The criteria for successful LBBP are described in detail in our recent article.[23](#jah34651-bib-0023){ref-type="ref"}

### AVN ablation {#jah34651-sec-0014}

The technique for AVN ablation has been described previously.[19](#jah34651-bib-0019){ref-type="ref"}, [21](#jah34651-bib-0021){ref-type="ref"} We performed AVN ablation at the time of HBP lead implantation. A quadripolar 7‐Fr 4‐mm tip ablation catheter (Therapy Cool Flex, St. Jude Medical Inc or Celsius, Biosense Webster Inc) was used to perform AV node ablation. An 8.5‐Fr nondeflectable sheath (SR0 or SL1; St Jude Medical) or a deflectable sheath (Agilis; Abbott Electrophysiology) was inserted through the femoral vein to the atrioventricular junction region (including the AVN and nearby proximal His bundle). The HBP lead served as a marker, and we aimed to perform ablation at least 8 mm proximal to the His pacing lead tip. Ablation was performed until complete heart block was achieved. The full criteria for successful AVN ablation have been described previously.[21](#jah34651-bib-0021){ref-type="ref"}

Following AVN ablation, the lower rate for permanent HBP was initially set at 80 bpm; the rate was decreased to 70 bpm at 1 to 3 months after the procedure. Where a backup right or left ventricular (LV) lead was implanted, it was programmed to pace with a long delay so that pacing would occur only if there was loss of capture from the His lead.

### Back‐up lead {#jah34651-sec-0015}

We implanted a back‐up LV lead (positioned via the coronary sinus) in 31 patients. This allowed us the option of delivering BVP if there was a threshold rise on the His lead. In these patients, the His lead/LBBP lead was connected to the atrial port. We did not have any episodes of significant threshold rise; therefore, later in the study, we changed the protocol so that a back‐up LV lead was not required. In 8 patients we implanted an atrial lead to allow the option of establishing sinus rhythm during follow‐up. A dual‐chamber ICD was implanted in 13 patients, with the His lead connected to the atrial port.

BVP was recommended for AF patients with cardiomyopathy and HF after AVN ablation. In this study, some patients chose RVP as backup pacing given their economic situations.

### ICD programming {#jah34651-sec-0016}

The ICD was programmed in the following way. For primary‐prevention patients, the ventricular fibrillation zone was set at a heart rate \>240 bpm with a duration of 30 intervals, the VT2 zone was programmed as \>187 bpm for 30 intervals, and the VT monitor zone was also programmed. For secondary prevention, the ventricular fibrillation zone was set at a heart rate of \>240 bpm for 30 intervals. The VT2 zone was set at a heart rate of \>187 bpm or 10 to 20 bpm lower than the VT rate for 30 intervals; the VT zone was set to deliver therapy at 10 to 20 bpm lower than the VT rate or as a monitor zone. Supraventricular tachycardia discriminators, far‐field morphology, onset, and stability were turned on. Individual parameters varied slightly according to each patient\'s characteristics.

### Definitions {#jah34651-sec-0017}

HPSP was defined as HBP or LBBP. Appropriate ICD shock was defined as therapy delivered for monomorphic or polymorphic VT or for ventricular fibrillation. IS was defined as shock delivered by the device for other reasons, such as arrhythmic causes (eg, AF or flutter with rapid ventricular rates), nonsustained VT, or nonarrhythmic causes (eg, due to ICD lead noise, myopotentials, electromechanical interference, T wave, or other oversensing). A shock episode was defined as an episode during which ≥1 appropriate shocks were delivered until the episode was over; a separate episode triggered by the same type of arrhythmia occurring within 5 minutes of a previous therapy was classified as the same episode.[3](#jah34651-bib-0003){ref-type="ref"} Other adverse events were also collected during the follow‐up period, including hospitalization due to HF or death.

Follow‐Up {#jah34651-sec-0018}
---------

Baseline and follow‐up data were collected from the time of the first ICD implantation and at every follow‐up visit until March 2019. Postimplantation clinical assessment data including echocardiography, pacing threshold, and sensed R‐wave amplitude were collected at standard time periods (1, 3, and 6 months and annually). ICD interrogation was performed in patients at each follow‐up visit to monitor arrhythmia episodes and therapies. The intracardiac electrograms stored by the device from the arrhythmia episodes and 12‐lead ECGs (if available) were used to distinguish appropriate shocks from ISs. All device interrogations were independently reviewed by an experienced clinician. Only treated arrhythmias were adjudicated. Lead‐related complications including infection, dislodgement, loss of capture, and early battery depletion were also tracked during follow‐up.

Statistical Analyses {#jah34651-sec-0019}
--------------------

Continuous variables were expressed as mean±SD or median (interquartile range). Independent 2‐sample *t* tests were performed to compare the differences between the 2 groups, and paired *t* tests were used to compare the differences between 2 time points within the same group during follow‐up if they were normally distributed. Otherwise, Mann‐Whitney *U* tests for between‐group comparisons or Wilcoxon signed rank tests for within‐group comparisons were utilized to assess the above‐mentioned differences. The nonadjusted Kaplan--Meier life‐table method was used to graphically show the time to first event and calculate the cumulative event rates for each group and within each group by risk factors. The results were compared using the log‐rank statistic. ANCOVA was used to compare the data (echocardiography, pacing threshold, sensed R‐wave amplitude) that were collected at baseline and subsequent follow‐up time points. The categorical data were described as numbers (percentages), and the χ^2^ test or Fisher exact test was used to examine the above‐mentioned differences. Data management and analysis were applied with SPSS v23.0 (IBM Corp). All tests were 2‐sided, and *P*≤0.05 was considered statistically significant.

Results {#jah34651-sec-0020}
=======

Patient Characteristics and Implantation Results {#jah34651-sec-0021}
------------------------------------------------

Of the 86 enrolled patients, 31 did not consent to AVN ablation and HBP; therefore, they underwent ICD implantation and continued medical therapy for rate control. In total, 55 patients consented to HPSP combined with AVN ablation. The success rate of HPSP combined with AVN ablation was 94.5% (52/55). One patient failed AVN ablation and received a single‐chamber ICD and rate‐control medication. In 2 of the 55 patients, permanent conduction system pacing was not delivered because of high His pacing thresholds; these patients received BVP. Overall, 39 patients received HPSP with implantation of a cardiac resynchronization therapy defibrillator device. A dual‐chamber ICD was implanted in the remaining 13 of 52 patients. Of the 52 patients, HBP was achieved in 44 patients and LBBP was performed in the remaining 8 patients. Group 1 was defined as 31 patients with ICD implantation and drug therapy; group 2 was defined as 52 patients with AVN ablation and permanent HPSP (Figure [1](#jah34651-fig-0001){ref-type="fig"}).

![Schematic summary of study and patient flow. AF indicates atrial fibrillation; AVN, atrioventricular node; HF, heart failure; HPSP, His‐Purkinje conduction system pacing; ICD, implantable cardioverter‐defibrillator; IS, inappropriate shock.](JAH3-8-e014253-g001){#jah34651-fig-0001}

The baseline characteristics of groups 1 and 2 are summarized in Table [1](#jah34651-tbl-0001){ref-type="table"}. The mean age of the study population was 67.75±9.98 years, and 64 of 86 participants (74.4%) were male. The average baseline ventricular rate was 84.23±12.01 bpm in group 1 and 88.90±16.85 bpm in group 2. Baseline characteristics were similar in the 2 groups (Table [1](#jah34651-tbl-0001){ref-type="table"}) except for the following: group 1 had a higher percentage of patients with a secondary prevention indication for ICD implantation compared with group 2 (51.6% versus 19.2%, respectively). In addition the incidence of ischemic cardiomyopathy was higher in group 2, whereas baseline LV ejection fraction (LVEF) was higher in group 1 compared with group 2 (42.77±15.97% versus 35.09±11.65%, *P*\<0.001). The median follow‐up period was 30.5 months.

###### 

Baseline Patient Characteristics

                                  Group 1 (n=31)   Group 2 (n=52)   *P* Value
  ------------------------------- ---------------- ---------------- -----------
  Sex, male                       25 (80.6)        37 (71.2)        0.336
  Age, y                          68.25±8.43       67.60±10.85      0.761
  Diabetes mellitus               8 (25.8)         20 (38.5)        0.238
  Hypertension                    20 (64.5)        38 (73.1)        0.411
  Single‐chamber ICD              27 (87.1)        0 (0)            \<0.001
  Dual‐chamber ICD                4 (12.9)         13 (25.0)        0.187
  CRTD                            0                39 (75.0)        \<0.001
  Primary prevention              15 (48.4)        42 (80.8)        \<0.001
  Secondary prevention            16 (51.6)        10 (19.2)        \<0.001
  VT/VF                           16 (51.6)        10 (19.2)        \<0.001
  DCM                             14 (45.2)        28 (53.8)        0.444
  HCM                             3 (9.7)          6 (11.5)         0.792
  ICM                             2 (6.1)          13 (25.0)        0.026
  Average heart rate, beats/min   84.23±12.01      88.90±16.85      0.095
  QRS duration                    95.81±24.03      96.40±17.05      0.193
  LVEF                            42.77±15.97      35.09±11.65      \<0.001
  LVEF ≤35%                       17 (54.8)        42 (80.8)        0.012
  NYHA class                                                        
  II                              17 (54.8)        18 (34.6)        0.071
  III                             11 (35.5)        29 (55.8)        0.074
  IV                              3 (9.7)          5 (9.6)          0.993

Data are shown as mean±SD or n (%). CRTD indicates cardiac resynchronization therapy defibrillator; DCM, dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; ICD, implantable cardioverter‐defibrillator; ICM, ischemic cardiomyopathy; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; VF, ventricular fibrillation; VT, ventricular tachycardia.

Incidence of ISs {#jah34651-sec-0022}
----------------

ICD shocks were documented in 13 patients during follow‐up (9 patients in group 1 and 4 in group 2). Of a total of 40 ICD shock episodes (Table [2](#jah34651-tbl-0002){ref-type="table"}), 29 were appropriate and the other 11 were ISs.

###### 

Factors Responsible for ICD Shock Episodes

  Shock Type          Total, n   Shock Episodes, n   *P* Value   
  ------------------- ---------- ------------------- ----------- ---------
  Appropriate shock   29         24                  5           0.153
  IS                  11         11                  0           \<0.001
  AF                  10         10                  0           \<0.001
  Abnormal sensing    1          1                   0           0.192

This table analyzes shock episodes from the standpoint of shock rather than by patient; a given patient could receive ≥1 IS (from any or all of the subcategories) and/or ≥1 appropriate shock. AF indicates atrial fibrillation; ICD, implantable cardioverter‐defibrillator; IS, inappropriate shock.

All ISs occurred in group 1 (the non‐AVN ablation group). AF with a rapid ventricular rate represented the most common cause for IS; 3 of 4 patients had 10 IS episodes caused by AF, and abnormal sensing led to 1 IS episode in the remaining patient. Two patients experienced \>1 IS episode, and 3 had IS within in 1 year of ICD implantation. After 5 years of follow‐up, patients in group 1 (medical therapy group) had a 15.6% likelihood of having experienced ≥1 IS. No patient in group 2 (AVN ablation group) was observed to suffer from an IS (Figure [2](#jah34651-fig-0002){ref-type="fig"}). The incidence of IS was significantly higher in group 1 than in group 2 (15.6% versus 0%, *P*\<0.001).

![Kaplan--Meier curves showing probability of inappropriate shocks and event‐free survival. **A**, The cumulative proportion of patients who experienced a first inappropriate therapy is plotted against time. **B**, Kaplan--Meier survival curves for adverse outcomes (death or heart failure hospitalization). The number of patients at risk at a given time point of follow‐up is indicated below the *x*‐axis.](JAH3-8-e014253-g002){#jah34651-fig-0002}

We proceeded to perform AVN ablation and upgrade of ICD to HPSP in 2 patients with IS. After ablation, no further IS events were observed during follow‐up in these patients.

Clinical Outcomes of Enrolled Patients {#jah34651-sec-0023}
--------------------------------------

Drug therapy in the 2 groups is summarized in Table [3](#jah34651-tbl-0003){ref-type="table"}. No difference in the baseline cardiovascular pharmacotherapy was noted between groups 1 and 2. Change in medication use in group 1 was minimal after ICD implantation. Meanwhile, the number of patients taking amiodarone (25.0% versus 0%, *P*\<0.001) and digoxin (46.2% versus 25.0%, *P*=0.024) decreased after permanent HPSP with AVN ablation in group 2. There was a significantly greater reduction in amiodarone use in group 2 compared with group 1 (*P*\<0.001).

###### 

Utilization of Drugs in the Study Groups

                            Group 1 (n=31)   Group 2 (n=52)   *P* Value                                     
  ------------------------- ---------------- ---------------- ----------- ----------- ----------- --------- ---------
  β‐Blocker                 26 (83.9)        20 (64.5)        0.082       42 (80.8)   40 (76.9)   0.631     0.564
  Amiodarone                13 (41.9)        9 (29.0)         0.288       13 (25.0)   0 (0)       \<0.001   \<0.001
  Digoxin                   19 (61.3)        13 (41.9)        0.127       24 (46.2)   13 (25.0)   0.024     0.639
  ACEI or ARB               23 (74.2)        19 (61.3)        0.227       44 (84.6)   38 (73.1)   0.150     0.907
  Diuretic                  25 (80.6)        24 (77.4)        0.755       47 (90.4)   44 (84.6)   0.374     0.943
  Calcium channel blocker   5 (16.1)         6 (19.4)         0.740       5 (9.6)     1 (1.9)     0.093     0.129
  Statin                    17 (54.8)        11 (35.5)        0.126       35 (67.3)   33 (63.5)   0.680     0.409

Data are shown as n (%) except as noted. ACEI indicates angiotensin‐converting enzyme inhibitor; ARB, angiotensin receptor blocker; AVN, atrioventricular node; ICD, implantable cardioverter‐defibrillator.

In group 2, there was a significant decrease in LV end‐systolic volume (LVESV) and an increase in LVEF compared with baseline over the follow‐up period (Figure [3](#jah34651-fig-0003){ref-type="fig"}). The mean LVEF at baseline was 34.80±11.23%, and at last follow‐up, LVEF improved to 49.44±14.90% (*P*\<0.01). Mean LVESV decreased from 122.69±65.18 mL at baseline to 83.68±62.53 mL (*P*\<0.01).

![Paired LVEF/LVESV at baseline and during follow‐up. **A** and **B**,LVEF (**A**) and LVESV (**B**) of all patients in groups 1 and 2 at baseline and during follow‐up. LVEF (**C**) and LVESV (**D**) of patients with baseline ejection fraction≤40% in groups 1 and 2 at baseline and during follow‐up. LVEF indicates left ventricular ejection fraction; LVESV, left ventricular end‐systolic volume.](JAH3-8-e014253-g003){#jah34651-fig-0003}

In group 1, there was a trend toward improvement in echocardiographic parameters during follow‐up, but this did not reach statistical significance (LVEF: 39.64±14.57% versus 43.01±14.30%, *P*=0.097; LVESV: 134.23±66.71 versus 122.69±65.18 mL, *P*=0.869). Group 2 had a greater increase in the LVEF compared with baseline than group 1 (*P*\<0.01 versus group 1); however, the reduction in LVESV in group 2 was greater than in group 1 (*P*\<0.01).

In patients with baseline LVEF ≤40%, similar improvement in LVEF and LVESV was observed in both groups (Figure [3](#jah34651-fig-0003){ref-type="fig"}C and [3](#jah34651-fig-0003){ref-type="fig"}D). Even in the 14 patients with ischemic cardiomyopathy in group 2, significant improvement in LVEF (34.15±5.96% versus 42.16±12.14%, *P*\<0.01) was observed during follow‐up.

Pacing Parameters During HPSP and Follow‐Up {#jah34651-sec-0024}
-------------------------------------------

The electrical parameters recorded from implanted devices are summarized in chronological order in Figure [4](#jah34651-fig-0004){ref-type="fig"}. The capture threshold of HPSP increased slightly at 3 to 6 months of follow‐up and remained stable at 1‐year follow‐up. The mean His bundle capture threshold at 1 year was 1.26±0.73V/0.5 ms, and the mean left bundle capture threshold was 0.79±0.189V/0.5 ms. Furthermore, the sensed R‐wave amplitude remained stable during the study period (Figure [4](#jah34651-fig-0004){ref-type="fig"}B). There were no major complications during device implantation.

![Electrical parameters of His‐Purkinje conduction system pacing at implant (BL) and during the follow‐up period (1 mo, 6 mo, and 1 y). **A**, Pacing threshold. **B**, Sensed R‐wave amplitude. BL indicates baseline; HBP, His bundle pacing; LBBP, left bundle‐branch pacing.](JAH3-8-e014253-g004){#jah34651-fig-0004}

HF Hospitalizations or Death {#jah34651-sec-0025}
----------------------------

During follow‐up, 8 patients in group 1 (25.8%) died. Two deaths were due to uremia and multiple organ failure; the cause of death in the remaining 6 patients was unknown. There were 6 deaths in group 2 (9.7%); 1 patient experienced sudden cardiac death, 2 patients died from multiple organ failure, 2 patients died from cerebral hemorrhage, and the remaining patients died from respiratory failure. No safety concerns were identified with the AVN ablation and pacing group. Fifteen patients had ≥1 episode of HF‐related hospitalization during follow‐up (9 patients in group 1, and 6 patients in group 2). The incidence of adverse events (HF hospitalization or death) was higher in group 1 compared with group 2 (*P*=0.01; Figure [2](#jah34651-fig-0002){ref-type="fig"}B).

Discussion {#jah34651-sec-0026}
==========

This study had several major findings. First, AVN ablation plus HPSP was feasible and safe in a high percentage of patients with persistent AF, HF, and an ICD indication. Second, there was a significant decrease in the use of digoxin and amiodarone in patients with AVN ablation. Third, AVN ablation combined with HPSP was associated with a significant reduction in ISs and the cumulative risk for death or HF hospitalization compared with the medical therapy group.

AVN Ablation and HPSP {#jah34651-sec-0027}
---------------------

Despite underlying cardiomyopathy and HF with an indication for ICD, HPSP plus AVN ablation was safe and feasible in 52 of 55 (94.5%) patients attempted. The pacing parameters remained stable during follow‐up. Prior studies[18](#jah34651-bib-0018){ref-type="ref"}, [19](#jah34651-bib-0019){ref-type="ref"}, [25](#jah34651-bib-0025){ref-type="ref"} have shown the feasibility of AVN ablation and HBP in patients with preserved and reduced LV function in 66% to 95% of patients. In this study, despite significant LV dysfunction, dilated atria, HF, and an indication for ICD, AVN ablation and HPSP was feasible in a high percentage of patients. In our earlier study,[19](#jah34651-bib-0019){ref-type="ref"} HBP was feasible in 80.8% (42 of 52) of patients but was unsuccessful in 20% of patients because of high His capture thresholds. In the current study, with the introduction of LBBP, we were able to achieve a 94.5% success rate for HPSP in this population with advanced heart disease.

Change in Cardiovascular Pharmacotherapy {#jah34651-sec-0028}
----------------------------------------

In this study, the use of amiodarone and digoxin for rate control decreased significantly during follow‐up in group 2. Amiodarone, which is widely used in the management of ventricular and atrial tachyarrhythmias, is associated with significant side effects including hepatotoxicity, pulmonary fibrosis, and deterioration of cardiac function.[26](#jah34651-bib-0026){ref-type="ref"} Adelstein et al[26](#jah34651-bib-0026){ref-type="ref"} reported that in patients with sustained VT and LBB block upgraded from conventional ICDs to cardiac resynchronization therapy defibrillators, concomitant use of amiodarone was associated with less QRS narrowing, less LVEF improvement, and greater risk of death. The significant decrease in the use of amiodarone in group 2 was due to improved rate and rhythm control after AVN. AVN ablation combined with HPSP can improve rate regularization, cardiac synchronization, and cardiac function, which may further reduce the probability of malignant arrhythmias. This improvement in cardiac function may have also contributed to the significant decrease in the use of cardiovascular drugs in group 2.

Among the 4 patients in group 1 who experienced ISs, there was no significant difference in their medication before and after ICD implantation. Consequently, medication change after device implantation does not appear to have been a factor in the ISs in these patients.

Clinical and Echocardiographic Outcomes {#jah34651-sec-0029}
---------------------------------------

Previous studies have shown that AVN ablation combined with permanent pacing benefits patients with AF and low ejection fraction.[18](#jah34651-bib-0018){ref-type="ref"}, [19](#jah34651-bib-0019){ref-type="ref"} Huang et al[19](#jah34651-bib-0019){ref-type="ref"} reported that LV function improved in patients with AF and HF following AVN ablation and that this was accompanied by a mean reduction in LV end‐diastolic diameter compared with baseline. A meta‐analysis[10](#jah34651-bib-0010){ref-type="ref"} including 21 studies found that AVN ablation and permanent pacing may improve exercise duration, ventricular function, quality of life, and symptoms compared with medical therapy alone.

RVP and BVP are commonly used in conjunction with AVN ablation. RVP after ablation is not ideal because it produces ventricular synchrony, which is known to be harmful in patients with preexisting LV impairment and may cause RVP‐induced cardiomyopathy.[11](#jah34651-bib-0011){ref-type="ref"} BVP is a better alternative to RVP but prolongs ventricular activation time in patients with a narrow QRS duration,[15](#jah34651-bib-0015){ref-type="ref"} which may explain why BVP is harmful when it is delivered to patients with a narrow QRS duration and LV impairment.[27](#jah34651-bib-0027){ref-type="ref"} Consequently, even BVP may not be the optimal pacing method for patients with HF for whom AVN ablation is being considered.

HBP and LBBP have recently developed rapidly as an alternative pacing option with the potential advantage that it recruits the intrinsic conduction system and thus can deliver physiologic ventricular activation. Previous observational studies have reported the feasibility, efficacy, and safety of these pacing techniques.[16](#jah34651-bib-0016){ref-type="ref"}, [17](#jah34651-bib-0017){ref-type="ref"}, [28](#jah34651-bib-0028){ref-type="ref"}, [29](#jah34651-bib-0029){ref-type="ref"} However, no previous studies have investigated the effect of AVN ablation combined with conduction system pacing in patients with HF and an ICD indication.

In our study, 52 patients received combined AVN ablation and conduction system pacing. We observed significant improvements in clinical outcomes compared with the medical therapy group. This included fewer HF hospitalizations, reduced medication use, improved New York Heart Association (NYHA) classification, and improved echocardiographic measurements. LVEF and LVESV were observed after a median follow‐up period of 24 months. One case example is shown in Figure [5](#jah34651-fig-0005){ref-type="fig"}.

![Case example of atrioventricular node (AVN) ablation combined with His bundle pacing (HBP) in a patient with persistent atrial fibrillation with heart failure and cardiac resynchronization therapy defibrillator implantation. **A**, Native ECG. **B**, Electrogram after ablation. **C**, His bundle pacing. Radiograph before (**D**) and 2 years after (**E**) AVN ablation and HBP.](JAH3-8-e014253-g005){#jah34651-fig-0005}

We also observed a lower incidence of HF hospitalization or death in the AVN ablation and HPSP group during the median follow‐up of 30.5 months. Our findings are encouraging and suggest that AVN ablation combined with HPSP may be beneficial in patients with AF, HF, and an indication for ICD. Possible mechanisms for these improvements include better ventricular rate control, reduced medication use, and fewer ISs. However, our study was nonrandomized, and thus these findings need to be confirmed in randomized controlled trials.

Inappropriate Shocks {#jah34651-sec-0030}
--------------------

In this study, we observed significantly fewer ISs in the AVN ablation group compared with the medical therapy group. The incidence of ISs was relatively high in our medical therapy group: after a mean follow‐up duration of 5 years, the probability of IS was 15.6%. This is higher than the IS rate observed in the MADIT‐II (Multicenter Automatic Defibrillator Implantation Trial II),[3](#jah34651-bib-0003){ref-type="ref"} PAIN‐FREE (Pacing Fast VT Reduces Shock ThErapies),[30](#jah34651-bib-0030){ref-type="ref"} and SCD‐HEFT (Sudden Cardiac Death in Heart Failure Trial)[31](#jah34651-bib-0031){ref-type="ref"} trials. The percentages of patients with AF in these trials were much lower than in our population; this difference is likely to have contributed to the higher IS rate in our study. The longer follow‐up period and smaller sample size may also have contributed.

AF is a major cause of IS in patients with ICD.[3](#jah34651-bib-0003){ref-type="ref"} Consequently, rate and/or rhythm control of AF is crucial for reducing IS. Radiofrequency ablation has been reported to reduce the incidence of IS in patients with AF,[32](#jah34651-bib-0032){ref-type="ref"} but despite ablation, there is still a high probability of AF recurrence. A meta‐analysis[33](#jah34651-bib-0033){ref-type="ref"} revealed that only 54.1% of paroxysmal AF patients and 41.8% of persistent AF patients maintained sinus rhythm during long‐term follow‐up after radiofrequency ablation for AF. Therefore, having a mechanism for ensuring adequate ventricular rate control remains important even if AF ablation is performed.

AVN ablation combined with permanent pacing is considered an important management option for patients with recurrent AF with HF.[18](#jah34651-bib-0018){ref-type="ref"}, [19](#jah34651-bib-0019){ref-type="ref"} To the best of our knowledge, the present study is the first to report the impact of AVN ablation combined with physiologic pacing on IS in ICD recipients.

Our study suggests that AVN ablation combined with physiologic pacing is a highly effective method for preventing inappropriate therapies related to rapidly conducted AF in patients with HF and recurrent AF. None of the patients in the AVN ablation group received inappropriate therapies. In addition, 2 patients in group 1 who experienced ISs due to rapidly conducted AF subsequently underwent AVN ablation. Following AVN ablation, there were no further instances of inappropriate therapies for these patients (Figure [6](#jah34651-fig-0006){ref-type="fig"}).

![Case example of atrioventricular node (AVN) ablation combined with left bundle‐branch pacing (LBBP) in a persistent atrial fibrillation (AF) patient with heart failure and previous inappropriate implantable cardioverter‐defibrillator shocks. **A**, Native ECG. **B**, Inappropriate shock caused by AF. **C**,LBBP. Radiograph before (**D**) and 6 months after (**E**) AVN ablation and LBBP.](JAH3-8-e014253-g006){#jah34651-fig-0006}

Combining conduction system pacing with AVN ablation has the potential to be more technically challenging compared with direct myocardial pacing. It is important that the conduction system is paced distal to the ablation site. We found that this procedure was technically feasible in the majority of patients in our study. Long‐term pacing parameters were satisfactory, and atrioventricular block was maintained during a median follow‐up of 24 months. Our study suggests that this approach is feasible for providing adequate ventricular rate control, preventing ISs, and maintaining physiologic ventricular activation.

Study Limitations {#jah34651-sec-0031}
-----------------

Our study was a nonrandomized single‐center study. Treatment was allocated according to patient choice; therefore, systematic baseline differences between groups may exist that would bias the estimates of treatment effects. Our study demonstrates that HPSP combined with AVN ablation is technically feasible in this population of patients and appears to be safe, with stable pacing parameters during medium‐term follow‐up. We observed reductions in ISs and improvements in LV function, but these findings should be interpreted with caution and need to be confirmed with adequately powered randomized controlled trials. The programmed ICD settings were not uniform in all patients, and this may also have influenced our findings. We observed a reduction in medication use at follow‐up compared with baseline in group 1. The reduction in rate control and HF medication may have contributed to the clinical events observed in this group. The reason for the reduction was intolerance to medication, which is a limitation of drug therapy as a means for obtaining rate control in patients with AF. However, in the 4 patients in group 1 who experienced ISs, we did not observe a decrease in medication use before or after ICD implantation. This suggests that in our study, reduced medication use after ICD implantation was not the driver for inappropriate therapies.

The cause of death could not be verified in all patients in our study. The proportions of primary prevention and secondary prevention indications for ICD therapy were different between the 2 groups, and it is unclear if this had an impact on patient deaths.

Conclusions {#jah34651-sec-0032}
===========

Our study suggests that AVN ablation combined with conduction system pacing is a safe and effective method for providing ventricular rate control and maintaining physiologic ventricular activation in patients with persistent AF, LV impairment, and an ICD indication. We found that this procedure was technically feasible in the majority of patients in our study and that pacing parameters remained stable during follow‐up. Following treatment, we observed significant improvements in echocardiographic parameters and NYHA class.

AVN ablation combined with conduction system pacing appears to be a highly effective method of preventing inappropriate therapies caused by rapidly conducted AF while avoiding the potential detrimental effects of nonphysiologic ventricular activation.
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